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INTRODUCTION 

Th'^se activities were deaiRned for use at the University of 
Montana under NSP Grant Number SER-8160728. The activities wer^ 
tented for four quarters in Kath 153 Mathematics for Elementary 
TeachoFR (Informal Geometry). The activities are desiRned to be 
1 URfid with an Apple II-Plus with 6^K memory or Apple Il-e and MIT 

LoR-o. HIT Logo for the Apple is available through either Terra- 
pin, Inc., or Kreli Software Corporation. Modifications of the 

r 

activities are necessaiT if they are to be used with Apple Logo 
or with MIT Lopo for the Commodore 64. 
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/• 1. TC BKGIN 

/ 

I (a) To load Logo, use the followinp; steps. 
/ U Open disk drive door. 

'd. Insert Lop;o diskette into disk drive. 
3. Clone disk drive door. 

Reach around to the back of the computer and turn it on. 

5. Turn on the monitor. 

6. When the disk drive has stopped whirring and the red light 
on the drive goes out, remove the Logo diskette and return 
it to its dust cover and put it in a. safe place. 

y. A welcome message should appear on the screen. This tells 
you the computer is ready for your input. 

REMARK: When using the Apple II-e,make sure the CAP-LOCK key is 
'lepressod in order to make Logo work. 

WAMiING: Nev>er place the diskette on the monitor since this may 
dflmarfi the data on the disk. 
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ARITTIMKTIG OPERATIONS IN NCDRAW MODE i ' 

i 

The raode that Loro is in after the Logo system has been loaded 
in called the NODHAW mode. Arithmetic operations can be pert 
Pormed in this mode. Perform the computations in 1-6 by typ>- 
inr in each of the following and pressing RETURN after each 
arithmetic operation. If a typin<5 error is made, press RETURN 
and retype the line. 

3. '^•3-^6/5 
/I. ^»*3-6/5-2(5+2) 

C. '^*(3>6)/((5-2)*3-^2) 



RcJIARK: The RETURN key can be thought of as the "do it" key. 
Actions are not carried out until the RETURN key is pressed. If 
the screen becomes too cluttered » type CLEARTEXT to clear the 



screen. 



(b) List the Logo symbol used to perform each of the following: 
1. addition 2. subtraction 

3. multiplication ^. division 



(c) Does Logo appear to have an order of operations built into the 
machine, that is, are multiplications and divisions done before 
additionr, and subtractionsi (Computations in parentheses are 
always done first.) 
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Jv.:iI{r.aTINT, TYPING EHRORI} 

{a J To add supj^o^e you typed 5+7- To erase the 7i use the 

£3G key. The £SC key rubs out the character immediately to the 
loft of the cursor (flashinp; rectangle) and moves the cursor one 
space to the left. 

(b) To move the cursor left (rlpht) without erasing any characters, 
upe the arrow key <- (->). 

(c) To ••'.dd suppose you typed 3+7» The flashing cursor can be 
moved to top of the 7 by pressing the left arrow key (<— ). To 
doloto a character over which the cursor is. flashing;, press the 

. control key (GTHL) and while dopressinp; that key, type D. This 
is called a CONTROL D or CTRL-D. (Other CTRL characters will be 
oxnmined later.) 

(d) To add 5+5, suppose you typed 2+5. You may move the cursor back 
to cover the ? by holding the repeat key (REPT) down and de- 
pressing the loft arrow key (<-). When the cursor is on top of 
r, press CTRL-D. This erasos the 2. Now type 3 and move the 
cursor to the desired position using the right arrow key (— >). 
(Holding the REPT key down and pressing any other key causes the 
character generated by this key to be repeated.) 



RUiARK: The Apple II -e does not have a RIIPT key, but rather has an 
automatic repeat feature. If a key such as the key 2 is held down, 
the character is repeated until the key is released. 



(e; Practice using the keys introduced above by completing the 
following. 

Type 2+6+ ^i; change this to 2+6+3« 

Type 2''-6+5; change this to 5+6+ 5 • 

Type 2+3*^; change this ?+3+'^. 

Type 2+5*6; change this to (2+5)*6. 

Type the following sentence exactly as it appears: 

Someday I will on a komputr. 

Change this to read: 

Someday I will be able to type on a computer. 
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UoING A PRINT COMMAND 

(a; The Lqro command PRINT may be uged to print expressions on the 
monitor. PRINT is abbreviated by PR. Type each of the follow- 
inp; and record your results. If an error m'^ssaRe occurs, de- 
termine why. On the Apple II-plus, brackets can be obtained 
uninp; SHIPT-M and SIIIFT-N. 

1. PRINT HELLO 

■,\ PRINT "HELLO 

PR. HELLO" 

^1. PRINT "HELLO. JOP] 

3. PR "HELLO JOE 

6. PRINT [HrlliLOj 

7. PRINT [HELLO JOSj 

8. (PRINT "HELLO "JOE ) 

9. Dosip;n a statement to make the computer print HI MOM. 

IC. Can you find another way to cause the computer to print 

HI MOMV 

(b) Type the statements below into the computer. Record the results. 

H. jw does the output differ when the PRINT (PR) command is used 
before the computationi 

I. 3-^5 

?. PRINT 3+5 

PR 3+5 
/J. PR "3+5 
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r.LHT THK TURTLIi - THE DRAW WCDE 

(a) To enter the DRAW mode of Lop;o, type DRAW and press RETURN. The 
trianpiular object that appears is called the "turtle." To see 
how the turtle performs, type each of the following. Remember to 
press RETURN after each line. What does the turtle do in each 
case' 



FORWARD ^ 


DRAW 


RIGHT 90 


PD 


50 


FORWARD 50 


RT 


90 


RIGHT 90 


FD 


50 


FORWARD' 50 


RT 


90 


RIGHT 90 


FD 


50 


FORWARD 50 


RT 


90 


FD 




Typo HOME 







/«. Type GLEAR3GREEN (GS) 

(b; Perform each of the following experiments. 

1. Fiake the turtle draw a square with side of length 40. 

r. Send the turtle home and clear the screen. Make the 

turtle draw a rectangle with sides of length 70 and 40. 

5. With drawings on the screen, type DRAW. How does this 
result compare with: 

(a) Typing CLEARSCRSEN (GS) 

(b) Typing HOME 

(c) Typing GLEARSCREH^ followed by HOME 

Experiment to see what happens if the space between the 
command and the input is omitted, e.g., FD^O. 

S Experiment to see how the BACKWARD (BK) and LEFT (LT) . 
commands work, e.g., BK ?.0 and LT 90. 

r.. Type ?D -^'C and BK^pO. Is there a difference in the 
tui'tle's responses ^ WhyV 

7. Explore the dimensions of the screen in turtle steps. 
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C. OTHER TURTLE COMMANDS 

Additional turtle commands are introduced in this activity. 

(a) With the turtle at HOME, type PD 500. What happens f 

(b) With the turtle at HOME, type NOWRAP and then type PD 3OO. ^ 
Now what happens'; To return to the wrapping behavior, type 



(0) Type RT 45 PD 1000. What happens? Why is a single line not 



(d) With the turtle at home, type PD 140. The turtle appears to 
have disappeared. Type PULLSCREEN (CTBL-P) to see if you can 
rind it. ,By typing SPLITSCREEN (CTRL-S), we return to the 
original mode. 



(p) Another way to make the turtle disappear is by using the 
command HIDETURTLE (HT). Por example, type the following: 

7D 9C 
RT CO 

HIDETURTLE 
?D 50 
RT 75 

To make the turtle reappear, type SHOWTURTLE (ST). So far, the 
turtle has left a track everywhere it has gone on the screen. 
To make the turtle move without leaving a track, type PENUx' (PU). 
Typinf^ PSITDOWN (PD) causes the turtle to again leave a track. 
Type a series of commands to obtain the following drawing, 
liake sure you hide the turtle at the end of the program. 



WKAP. 



drawn? 
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(n; Tr;(f l-^DIT mwlo in Loro in uaerl to teach the computer new words. 
Tf. onter the lilDIT mode to draw a square, type TO SQUARE and 
pr-onn liETURN. The computer then enters the EDIT mode and will 
ifnembor what you type if you follow the directions below. Yqia 
.can toll you aro in the EDIT mode by the message that appears on 
. thF) bottom or the screen. Tu complete the procedure, type the 
r';ll')winn;: 

?D 50 
iiT 9C 

RT 90 
?D SO 
HT ^;C; 
?D SO 

t*')w prose GTiiL-C. The procedure is then defined and a message to 
tViin of feet in displayed. 

(b; Ti'v each of tho followinp;: 

Type 3CiUARr:. 

; . Tyf)e oQ,UAR2 ap;ain. What happens" Do this two more times. 

*. Use thf; HOME and GS commands or the DRAW command to clear 
the screen. Type 3QUARF. again. As long as the computer is 
n'^'t turned off, the computer will remember this procedure. 

Ty])e To SQUARE again. ^Phe computer will enter the edit mode, 
iixecute CTRL-N until the cursor is over the E of END. (To 
ncive the curs<jr up, we execute CTRL-P. ) Execute CTRL-0 to 
Dpen a line. Now type RT 90 and then CTRL-C to define the 
new procedure. 

(;T1{L-N moves the cursor to the next line 
OTitL-0 oponn a line 

CTRL-P moves the cursor up to the previous line 
I. Type JCV^JARE. 

r.. IIov; doofi the new figure differ from the fipnire generated by 
the firr.t SQUARE procedure; 
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y. A proceluro can be aborted while still in the editor. To 
do thin, a GTRL-G can be used. For example, enter the 
rollowinp:. 

TO JUNK 

PD !;.o 

RT 90 
END 

Now instead of executing CTRL-C, use CTRL-G. Now type 
JUNK. Did the computer know how to -TUNK? Enter the 
program apnin followed by CTHL-C. How does the computer 
know how to JUNK? 

Pj, The command EDIT (iSD) can be used instead of TO. Type 
EDIT RECTANGLE and write a procedure for drawing a rec- 
tanpilo of size 20 by 50 units. 

9. Enter the EDIT mode and explore the commands CTRL-K, CTHL-A,» 
and GTRL-E. What do these commands do? 
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n. USING 'THE RKPEAT COMMAND 

(r) a UKPKAT command can be used in a Logo procedure. R£P£;aT takes 
two inputs - a number and a list of commands - and repeats the 
comraanrts in the list the designated number of times. 



1. 



Type TO SQUAiiEl 

REPEAT 4CPD 50 RT 90] 

' END 

Press CTRL-C. 
Type aQUARia. 



iSdit SiiUAREl by typinp; TO SQUAREl or ^IH SQUAREl to change 
the side to length 75. 

S <iun the edited SQUAREl. 

(b) Use the RLlPilAT cowmand to write procedures for drawing each of 
the followin?^. Hun your procedures to check that they draw the 
Ti-equired figures. 

1. A rectangle with sides of lengths ^0 and 60. 

?. An equilateral triangle with sides of length 50. 



5. 



The following figure: 



r 



(c) More than one REPEAT command can be used in a procedure. For 
example, predict the outcome of the following procedure; 

TO SPIN3QUARE 

REPEAT lOCREPEAT ^[FD 50 RT 90J RT 36] 
END 

(d) A REPEAT command can be used with a PRINT command. For example, 
type the following: . 

Hi;:i bAT 10 [PR 'illELLOj ' 

Procedures can be halted by using CTRL-G. For example, type 

REPEAT 1000 [PR "HmOj 

and then press CTKL-G to halt the program. 
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9. GHKATIKG A 5-K)IN!PKD STAR USING TRIAL AND ERROR 

In this activity a five-pointed star which has sides of length ^ is 
constructed. This fif^e should appear as shown in Figure Xb)» 



A 




through 5 angles of equal measure as shown in Figure (b). Thus, the 
prof^ram must look something like the one below where :A represents the 
measure of the angle. 

TO STAR? :A 

RJiPEAT 5CFD 50 RT :AJ 

KKD ' ' ' ^ 

To determine the value of :Af consider Figure (b) above. Notice thi$ 
the angle that the turtle turns each time must be greater than the 
angle it turned to form a square (90 ) and less than a straight angle 
(l60 ). Because the angle appears greater than 120 as used in the 
equilateral triangle procedure, we might make an initial first guess 
or 140. 

If the oTAR5 procedure is run with an angle input of 140, the 
figure given below is obtained. 




Because the figure is not closed, it appears that a larger angle 
should be used. The result of trying an angle of 150 is given below. 
From this figure obser\re that 1^0 is too large and the desired angle 
must be between 140 and I50. 




li 



(a) Experiment with other values in the STAR? procedure until the 
correct value of the angle is determined. (You should hide the 
turtle in order to determine if your g^iesses are too large or 
too small.) 

(b) Rewrite the STAfi^ procedure tp accept variable size inputs* 

(c) Use the ideas developed above to write a procedure for drawing " 
a 7-pointed star, 

(d) Is it possible to draw a six-pointed star using this technique? 

(e) Try to determine mathemotically the correct angle for drawing 
various stars. ^ 
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10. i^aOGliDDRES WITH VARIABLES * 

In Lopo it IB possible to use a aini?;le procedure to draw figures 
'.or the same shape but different size, Conflider a procedure which will 
ifnw «nuflrefi of different size. It may have a variable input rather 
thnh M fixed number. To indicate a variable in Lo^o, we precede it 
v'ith n colon. The following; ia a procedure to draw i\ variable aize. 
Rouare, Type it into your computer and then execute (a) SQUARE ^Oi 
(b) -ii'^UASt 50; (c) SQUARE 80. 

TO JJQUARE :SIDE 

RiiPEAT ^CPD :3IDE RT. 90] . 

To write a procedure which draws repiular polygons other than 
fsquareo, it is necessary to know the anp;ie the turtle should turn 
throucrh at each vertex. Consider the regular hexagon below. 



i^upposft the turtle starts at home, walks around the hexapon and comes 
b^ick home and stops racing the same direction it started. If at each_ 
Vfiftex the turtle turned by an^le A, the turtle's total turning is 
r-A. Because the turtle walked around the hexsRon and finished in 
its orifTinal position with its original heading, its total turning 
muflt be 5C0^. This is a special case of the Total Turtle 
Trip Tlieorem ^ which says that when the turtle walks around a closed 
pflth and onda at the same place and with the same heading as it 
started, its total turning is an integer multiple of jeC. Thus, in 
ft hexapron. 6* A « 36CPand A *» 60°, so we have the followinB procedure 
for n variable size hexagon. 



To \m iSIDE 

li'^fAH 6CFD :3lDij; RT 60j 

LND 

(n) '//tint, if anythinr;, is wronp; with the following; procedure' (Try 
t ' run the procedure for some input.) Correct the procedure to 
aiaw a fl(^uare tu the left of the turtle's initial position. 




TC LSQUARE 

REPEAT ^[PD :aiDE LT 90 j 
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(6; ii'.'iint; tho uutoome wh«n the following is typed and the rotiurn 
ko.y is. prennecl: aC^UARE 50 SQUARE -5O. 

(c) 3iit the CiQUARE procedure ao that the variable will be :S rather 
then :;iIDii:, 

(I; Writo a proceduie for a variable size regular pentagon. 

(e) Write a procedure for a variable size equilateral triangle. 

(r; Use the trianf^le procedure in (e) to write a procedure which 
' will draw the following figure made of 6 equilateral triangles. 




(p;> Write a ainple procedure for drawing a variable size regular 
n-ron (n polypron with n aides). If :N is the number of sides* 
' your procedure should start with the line TO POLYGON :SIBE :N. 

(h) Urg the POLYGON procedure from (g) to draw a turtle type circle, 
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11. PHOCEDUBES CALLING PROCEDinCBS 



In Logo a procedure can be ueed within a procedure. 7or example/, 
type the following into your computer: 



/ 



TO SQUABE :SI1)E 

Rsm^r 4C]n) :sii>£ bt 90] 

END 

TO SHNSQUAKE : SIDE 
BEFKAT lOCSQUABE :SIDB BT ^6] 
SNB 

SHKSQUABE calls the previously defined SQUARE. Predict the/kind 
of figure that will be drawn by SHNSQUABE 50 (do not type StorsqDABE 
^0 before answering this question). Now type SFINSQUA|ffi $0/and check 
your prediction. / 

(a) Edit the SPtNSQUABE procedure and change the 10 in th0 REPEAT 
statement to 12. Run the edited procedure. Is a new figure 
obtained? Is the same result obtained if the 10 is changed 
to 20? to 9? / 

I (b) Write a procedure similar to the SPINSQOABE procedure to draw 
each of the following. / 



(a) 



(b) 




(c) 



4 squares 



8 squares 



,^6 squares 



(c) Write a procedure to draw an equilateral triangle of variable 
side length and then use this procedure to define a new pro- 
cedure which will spin the triangle by 20^ until the triangle 
returns to its original position. Bun your procedure for three 
different side values. 
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(a) 



(b) 



(c) 
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WORKSPACE MANAGEHENT 

It is possible to define several procedures without leaving the 
editor by typing END after each pit)cedure except the last one. 
For example, enter the editor by typing '^0 TRIANGLE :S and then 
continue as follows. 

TC TRIANGLE :X ' ' . 

Iii';F.EAT ^ 3CJ'D :X RT 120 J 

ilND ■ 
TO SQUARE :X 
•REPEAT ACPD :X RT 90] 
END 

TO PENTAGON :X 
REPEAT 5CFD ':X RT 90] 
END 

When CTRL-C is executed, a message is displayed sasring that all 
tho procedures have been defined. CTRL-G can be used to abort 
the procedures. 

It is also possible to edit all *the procedures in the workspace 
at once by typing EDIT ALL. If there are numerous proced^ires in 
the editor, the following commands will be helpful, 1 

CTRL-P - scrolls the text forward one screenfull 

GTRL-B - scrolls the text back one screenfull 

CTRL-L^ - scrolls the text so that the line containing the cursor 
is approximately in the center of the screen 

Aft or changes have been made, CTRL-C i\|3 Used to define all 
procedures. • \ 

Edit all the procedures in part (a) so t^at the turtle will be 
hidden after the figure has been drawn. \ 

™™ (PO) co«™.„d =.n bo used to ^.etekine not only th. 
listing of a procedure, but also to list aj.i the procedures in 
the workspace. To obtain a listing of all \the procedures in the 
workspace, type PRINTOUT TITLES (POTS)'. \ 

To see a procedure listed without going into the editor, type 
PO along with the procedure name, for example, PO TRIANGLE. 

The coininand PO ALL will, display all the procedures in the work- 
flpace. 

Ta) erase procedures from the workspace, use the command ERASE (ER). 
To eliminate single procedures such as TRIANGLE type ER TRXikNGLE. 
To erase, everything in the workspace type ER ALL. An alternjitive 
way to erase the entire workspace is to type GOODBYE. 
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Experiment with the commands introduced abovejin order to see 
how they work. j 
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1?. INITIALIZING A DISK 

In order to save procedures or pictures on a floppy disk, it mjist 
be initialised. The following instructions should be followed in 
order to initialize a disk. 

(a) irlace the Loro Utilities disk into the disk drive and turn on the 
power. Do not have Log;o loaded into the computer. (Recall that 
the Logo Utilities disk is not the same as the Logo disk.) 

(b) After the red lipht on the drive goes out, remove the Utilities 
disk from the drive aiid return it to its jacket. 

{ 

(c) " Insert the disk to be initialized into the disk drive. 
(d> Type 

INIT HKLLO 

and press RETURN. When the red light goes out, the disk has 
been initialized and can be used to store procedures and 
pictures. 

o 

(e) Remove the disk ai^d label it with a felt tip pen. Never write 
on a disk with a sharp pen. 

To make sure that s disk has been initialized, insert the disk 
into the drive and type CATALOG. The only file that should appear 
is the HELLO file and it should appear in the form shown below. 

00? HELLO 



RH'lAiciK: A disk can also be initialized by using the Apple System 
Ma$ter instead of the Logo Utilities disk. A minor drawback of this 
tec^hninue is that more space on the disk is used this way. It should 
be pointed out that students could just as well use their names in- 
stead of HELLO after the word INIT in Step (d). (Any initialized disk 
o.«in be used to initialize a new disk.) 
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SAVING ?ILES ON A DISK 

(a) Procedures can be saved on a disk under a file name. For exampXet 
type the procedures below into the computer. 

If 

TO TRIANGLE :X TO SQUAPE :X 

REPEAT jX RT 120] REPEAT 4CFD :X RT 90] 

... END ■ END---- 

TO PENTAGON :X 
REPEAT 5CPD :X RT 72] 
END 



To save these three procedures in a file called POLYGONS, type 
the following. 

SAVE "POLYGONS 

The SAVE command not only saves these three procedures on the 
disk but also everything that is in the workspace at that time. 
Therefore, it is important that you type POTS before using the 
SAVE command in order to see exactly what procedures will be 
saved in the file. If there are iinwanted procedures, they 
should be erased using the ERASE command before anything is 
saved on the disk. 

When SAVE "POLYGONS is typed and the initialized disk is 
in the drive, the red light will turn on while the procedures 
are being saved on the disk. To chedk this, type CATALOG and 
the following appears. 

A 002 HELLO 

B 003 POLYGONS.LOGO . 

(b) Logo files are listed with .LOGO on the end of each file name* 
It is not necessary to add this when retrieving files. To see 
how to retrieve files, type GOODBYE to clear the workspace. If 
POTS is typed at this point, no procedures will be listed. To 
read a file into the computer's workspace, use the command READ 
as shown below. 

READ "POLYGONS 

When RETURN is pressed, the red light will come on and Logo will 
enter the procedures from the POLYGONS file" into the workspace. 
Each procedure name will appear on the screen as it is entered. 
To erase the file use the ERASEFILE command along with th^ file 
name. For example, to erase the POLYGONS file, type 

ERASEPILE "POLYGONS / 
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(c) It is possible to save pictures on the disk using the SAVEPICT 
command. For example, draw a pentagon using PENTAGON 50. To 

. save this picture on the disk, use the SAVEPICT command as 
follows. 

SAVEPICT "PEaiTAGON 

To see if the picture has been saved, type CATALOG. Pictures 
are saved with .PICT appended to their names. To display a 
picture which has been saved, use the READPICT command as 
follows. 

RJ3ADPICT "PENTAGON 

.J 

It is handy to save pictures on the disk when it takes Logo a 
long time to draw them or when using a- screen dump which sefids 
pictures from the disk to the printer. Pictures take much 
storage room on the disk and thus you should limit the number 
of pictures stored on the disk. To erase the PENTAGON picture 
from the disk, type 

SRASEPICT "PENTAGON 

(d) Practice saving files and pictures on the disk and then erase 
them. V 
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i^, TUHTLIi-TYPE CIRCLES 



The turtle can draw only flf^res made up of seKments and hence It 
cannot draw a perfect circle. Since circles can be approximated by 
polygons, a rep;ular polyf^on with a large number of sides will 
approximate a circle, A regular poly$^on on the screen resembles a 
circle and will be referred to as a turtle-type circle, or a circle. 
A typical approximation of a circle is done by a regular polygon of 
560 sides. The procedure is given in (a). 

(a) Type and run CIRCLE 

TO CIRCLE 

Riil-'EAT 360 [PD 1 RT Ij 



(b) Write a proijedure to draw a circle smaller than the one in (a). 

(c) Write a procedure to draw a circle larger than the one in (a). 

(d) Write a procedure to draw a variable size circle where the 
variable is the side^ :S, of the polygon which approximates the 
circle. Call your procedure VCIRCLE (for Variable Circle). 

(#) Type 

TO CIROLEl 

HEPiiJ^T 90 [PD 4 RT 4j 

END 

Which procedure, CIRCLE or GIHOLEl , r>Jin8 f asterV Why? 

Write a procedure to draw a circle which will be drawn faster 
than either CIRCLE or CIRCLEl. 

'J 



Rl^ARK: Hiding the turtle causes a drawing to be done faster when a 
procedure is r\m. 

(f) Write a procedure to draw a semicircle. 

(p;) Write a procedure to draw a variable size arc. 

(h) Desip;n a procedure to draw a circle to the left of home instead 
of the right 'of home. 

(i ) Write a procedure to draw the following. 




16. A VARIABLE SIZE CIRCLE WITH RADIUS AS THE VARIABLE 

(a) To draw a circle with radius 50 you may use the followinR 
procedure developed in 15(d). 

TO VCIRCLE :S 

REPEAT 360CFD :S RT 1] 

Find what :Swill produce a circle with radius 50» To do this 
write an equation for a and then solve for s. 

We know that jGO's is the perimeter of the JSO-gon with side 8« 
which approximates the circle. Because C « 2nr, the circumference 
of the circle with radius 50 is 2n. 50. Hence, 560*6 is approxi- 
mately 27f50. That is, 

560 's * 2n*50 

^^lfe-50 • - 

s 4 0.017^*50 

s i 0.87 

Now run the above VCIRCLE for :S= 0.87. 

(b) Use the method described in part (a) to draw a circle with 
• radius 30. 



(c) Next we write a procedure to draw a circle with radius :R. To 
accomplish thi8,:R can be substituted for 50 in the computation 
above; so we have : S & 0.017^*:R. Run VCIRCLE .017^*50. 

(d) A new procedure can be defined for drawing a circle with a given 
radius. If we call this procedure CIRC with input :R, then the 
VCIRCLE procedXire can be called to do the work of drawing the 
circle. The procedure CIR is given below. 

\ ■ ■ ■ 

TO CIR :R \ 
VCIRCLE .017^* :k 
END 

First run CIR 50 and then run the CIR procedure to draw several 
different size circles. 
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1?, REVIISWING PROPERTIES OP CIRCLES 



To determine if the turtle-type circle drawn by CIR 50 is of the 
desired radius, turn the turtle towards the center of the circle and 
let it walk along a diameter of 100 units* If the turtle ends up 
approximately on the turtle-type circle (at a diametrically opposite 
point) as shown in the figure below, then CIR 50 produced a good 
circlu approximation. 






The position of 
the turtle after 
completing; the 
circle. 



The turtle facing 
the center. 



The position of the 
turtle after its walk 
along a diameter. 



After CIR 50 is run, how can you make the turtle turn towards the 
center' Recall that ghe turtle is actually walking along sides of a 
^.cO-pron and turning 1 at the end of each side. Two of the sides of 
the TCO-gon are shown below. The vertices have been connected to the 
center of the circle. The turtle has to turn by angle A to head 
towards the center. ' Find A for the 360-gon. 



(a; 

(b) 
(c; 




To make a figure which will be even more like a circle, it is 
necessary to draw a polygon with a greater number of sides. If 
the number of sides of the polj^gon is very largo, what is the 
approximate measure of angle Ai 

Edit the CIR procedure to make the circle and to make the turtle 
(;nd up on a diametrically opposite point of the circle from its 
starting point by traversing the diameter. 

Write a procedure for drawing a circle with radius :R 
inscribed in a square as shown in the figure below. 



n 



00. 



Rpfld the ARCS procedures from the Logo Utilities disk and deter* 
mi no the function of each procedure. Save these procedures to 
your disk under the name ARCS. 



18, INTKOOUCING RECUliSION 



Lof^o allows one procedure to call another procedure; it also allowi> 
a procedure to call itself. A procedure that calls itself is called 
^ recursive procedure . The following procedure demonstrates this 
phenomenon. To stop the procedure, t^fpe CTRL-G, 

TO NONSENSE 
PRINT [HELLO J 
NONSENSE" = 

m . 

(a) Predict what will happen and then run the procedure. 

(b) Predict what kind of figure will be obtained by the following 
procedure and then check your, guess by executing the procedure - 

TO MOVE 
FD 10 RT 56 > 
.MOVE 

-.END • . . 

(c) Write a recursive. procedure for drawing a circle. 

\ 

(.ft) Write a recursive procedure for drawing a regular piolygon with 

, 20 sides of side length 20 units. 

\ 

RHlAflK: men the - recursive call is the last line of ..the- prpcedure , 
before the END statement, this recursion is referred to as tail-end 
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19. RiiCUHIilON WITH VA-MABLfiS 



(a) The following procedure draws hexagons of variable size. Type 
the procedure into the computer and ruj& it for HE3CAG0N 40 and 
HKXAGrON 80, (Remember CTRL-G will stop the p.jcedure.) 

TO HEXAGON :3IDE 
FD :5IDE RT 60 
HEXAGON :bIDE 

END ' ' ■ ^ 

(b) V/rite a recursive procedure for drawing a variable size pentagon 
and run it for two different values. 

(c) The following procedure draw? various, figures, some of which 
are polygons. Run it for the .following angles: 72 , 60, 120, 
1^4, 155i 108, 160. 

TO FIGURE : ANGLE 
PD 50 RT JANGLE 
FIGURE : ANGLE 
♦ END 

(d) Predict for which angles the FIGURE program will draw 
polygons and for which FIGURE will not draw polygons. 
Teat your prediction on the compiiter. 

V. 

(e) Write a recursive procedure called POLY to draw figures as in 
part (c),but the size of the figure varies (your procedure must 
have two variables). Run your procedure at least five times, • 
each time for different values of the variables. 



ERIC 
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0. U.^IaNG Hi^ADING TO STO? TUB POLY PROCiDURi: 

Thf» iOLY procedure developed in Activity 19 may have been the 
followinp;* 

TO iCLY :3IDE : ANGLE ' 

PB :GIDK RT : ANGLE 

.K)LY :;iIDi; : ANGLE ^ ' 

END • • 

For any Integer inputs xOLY will run until we use OTRL-G. How can 
we stop POLY without using. CTRL-G'* One way is to use the primitive 
lUADING which outputs the turtle's heading at any (z;iven time. If the 
turtle starts with heading 0, then we should stop the procedure when 
heartlnr is 0 aj^ain. Thus, a possible way to stop execution of the 
lOLY procedure is by insertinf? the following; line, in our procedure. 

IF ni;A;)iNG « o stop 

<a.) Predict the outcome if the line IP HEADING « 0 STOP is inserte4 . 
in each of the followinR locations and check your predictions- 

1. After the first line of FOLY. . 

2. After the second line in POLY. ' ' 
T. After the third line in POLY. 

(b) Based on your answers to part (a), write a version of the POLY 
procodv. which will stop. Try your procedure for POLY 40 72- 

(c) Give tki turtle a headinR of and now try POLY 40 72. Will thlfi 
pi'ucodure fitop"; Why or why not'* 



:\., uniCli WAYS TO GTO? the poly PROG^iDUKii \ 

In tUo previ^ma activity wo discovered that if the xAirtle'a 
initial hendinp; in not 0, the procedure may not stop. This activity 
ionls with thf» problem of stoppinp? POLY regardless of the turtle's 
initial hoo'iinp;. We consider two different approaches to this prob- 
lem. 

The first approach uses the Loro command MAKE. The statement 
hAiCE "H IIEA3ING piives the variable :H a value equal to whatever head- 
inp; the turtle has at a p;iven time. In general, the MAKE statement 
accepts two inputs: the first is the name and the second is the thing 
beinr named. The name in a MAKE statement must be preceded by a single 
set or quotation marks. Once a name ia given in a MAKE statement » then 
whon the namn is used later in a procedure, it must be preceded by a 
colon. ■ 

(a) i^rodict the uutcomes when the following are executed and then 
check your predictions on the computer. 

.1, MAKE "B "BOAT 
PRINT :B 
PRINT "B 

PRINT B ■ 

?, TO NEXT :X ' ' ' ' . 

PR :X " 
MAKE. "X :X+1 
NEXT :X 
END 

Edit the NEXT procedure i.n (2:) to print only the values 
1-20. 

(b; Gonnider the following procedure. 

TG POLYSTOPA :SIOE J ANGLE 
tlAKS "H HEADING 
PD :SIDE RT : ANGLE 
II? HEADING « :H STOP 
POLYSTOPA :SI0E : ANGLE 
END 

Predict what happens if the turtle is at home with heading 0 
ond the following is executed: RT 20 POLYSTOPA (50 1^^- Check 
your prediction on the computer. The procedure can be executed 
. one step at a titne using TRACE. Type DRAW, TRACE, and then 
execute RT 20 POLYSTOPA 50 l**** again. To execute the trace , 
feature, type any character other than OTRL-G or CTRL-Z. This ! 
will cause Logo to proceed to the next line in the procedure and 
wait. Typinr any character #gain will cause Logo t 6 execute the 
npxt line and so on. Observe that a new heading is obtained with 
ftech execution of the procedure. To quit the TRACE mode, type 
NGTHAGE after the procedure is terminated. 



KLYSTCPA. does not stop the drawing because the MAKE 
rtattiment chanpos the value of :H with each recursive call. If 
the KAKii; atatement ie put in a separate procedure iSTARTt out side 
K)LYSTO?A, then a new procedure called POLYSTO? can be defined to 
stop the drawing;. The START procedure, the edited K)LYSTQi*A 
procedure and the POLYSTOP are given below. 

t.: ' 

Predi ct -t he outcome when. RT 'dO PjLYSTOP 50 144 i a execut edi - 

VJ START 
n^Kli "H HEADING 



TC POLYSTOPA :SIDS :ARGL£; 
PO :^IDE HT :ANGLK 
I? HEADING a jH STOP 
POLYSTOPA :SIDE : ANGLE 

m \ ■ 



To i^OLYSTOP :IjIDE : ANGLE 
START 

POLYSTOPA :SIDE ; ANGLE 
iiNO 

(d) Predict the outcome when the following is executed.. 
ItKPEAT lOCPOLYSTOP 60 72 RT 56j 
Check your \ predict ion on the computer. 



((0 Assume that^ the turtle's initial heading; is 0. Write a 

procedure called ROUi with integer inputs :6I2>S, :AN0I2ll, and 
:AN0LE2, which will "spin" the VOLTSTOP figurefi by :AH0IB2, 
Inooxporate \a SSOP atatement in your procedure. 

(r) A different way to stop the POLY procedure regardless of the 
turtle's initial headinp; uses the concept of a counter aisl the 
Lop;o primitive RCTIAINOER. R£KAIND£R taxes two positive integers 
net inputs and outputs the remainder when the first integer is 
divided by the second. Por example, RSHAINDER 20 6 outputs 2. 

Thp POLY procedure should be stopped the first time .the total 
turnin? is a multiple of 360, that is, when REMAINDER of total 
turning and %0 is 0. Thus, the followinR edited POLY procedure 
can be written. 

• W POLY :S lA iK 
PD :0 HT !A 

IP (R^INDER jN*:A ?60) « 0 ;3T0P 

i^LY ;0 :A :N+1 

END 

ii'fjflint what happenfl. when each of the following are executed 
nn^l ch*>ok your predictions on the ■ »m'^uter. 

HT POLY 50 60 1 . 40 POLY 50 144 1 

i<T '0 l^LY ::;0 60 6 4. RT 40 POLY 50 144 0 





VAIilATIONo OP THE POLY PROCEDURji: 



Thft rollowlnp; POLY proceclure can be modified in various ways to produce 
nnw figures. 

TO POLY :SIDE j ANGLE 
?0 ililDii RT : ANGLE 
•K)LY-tSI0£ rANGLE 

m ■ 

For eKomple, what happens when POLY calls itself again with different 
inputs'. The following: POLYSPI procedure is a result of calling 
POLYi;;?! with an input :SID£-^ 3 rather than :SI0E. 

,TC' POLYiirl :Sir)E : ANGLE 
iFD :2lDiii RT : ANGLE 

)LYSPI :3IDE+5 ; ANGLE 

KND ■ « 

T^f> the POLYSPI procedure and answer the following questions. 

Predict the outcome of POLYSPI 1 90 and chepk your prediction, 
DoeB POLYSPI 1 8? yield a similar result'; 

i-rfidiet the outcome of POLYSPI 1 120 and check your answer. 
Does POLYSPI i 118 yield a similar result? 

Vit i<)LYSPI to include a STOP statement which will make the 
procedure stop before a side longer than 100 units id drawn. 

A iiore general POLYSPI procedure has ? inputs: : SIDE, : ANGLE, 
and J INC (for increment) end calls itself with : SIDE*: INC rather 
tr^.an {aiDii;^^.^ Edit POLYSPI accordingly and r\in it several times. 



Another variation of the POLY procedure increments the angle 
rnthcr than a side.' Call the procedure INSFI and write it for 
variable \input 8 :SIDE : ANGLE :INC. Run the following. 



L 
7 



5* 



IKSPt 5' 0 11 
INSpi 7 ^^S' l? 
INSPl\ 10 'I 20 



2* 
6. 



INSPI 

INSPI 5 ^5 50 

Your own inputs which will 
make a closed figure. 



An-'thor way\ to' modify the POLY procedure is to repeat the 
sequence FD\: SIDE RT : ANGLE FD :SID£ RT :ANGLE*2 forever, 
fi procedure \cal led POLYl follows. 

TC K)LY1 :SipE : ANGLE 

FD :3IDE RT IaNGLE FD :SIDE HT :ANGLE*2 

POLYl J SIDE Jangle 



Suon 



erIc 



Kim POLYl rorjtho followinp;. 
1. POLYl W 



2. 



POLYl .5 125 

31 



Typo in the roUowinR PpLY? procedure. 

IXj i-CLYr ; S J A 
yd :G RT :A 

..;.£rrj 

« 

a.nipflr<o I0LY2 15 1^'* and K)LY2 5 125 with the runs in (f). Why 
flre the outcomefl different? 



i 



^ CJCN3TRUCTI0NS 

I C possible, make the turtle construct each of the following: 

(a) An anf?le with measure VC° 

(b) ?he bisector of the anplo in (n) 

•(c) A 50 "taHle-step" aegment 

(d) The perpendicular bisector of the segment in (c) 

(e) A 1-lrie segment through HOME 

(f) A line sefs^ment parallel to the segment in (e) but 28 turtle 
stops above it 

(r) A trianf^le with two sides of length 50 and 40 with measure 
of the included angle 83 

■ / ' . . 

(h) A triangle with two angles having measure 60^ and 83° and 
included side with length 50 

(i) A triangle with two angles having measure 60° and 83° and 
not included side with length 50 

. U) A triangle with two angles of measures 60° and 50° 

# Ck) A triangle with sides of length 50, 40, and 70 / 

(A solution to this problem is developed in activity 33.) 
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. oTUDYING SYMMETRY ' . 

Cn^ of, the most widely studied topics in elementary geometry is the 
n^ition ot symmetry. Turtle graphics provides a mode for many in- 
vegtirationa. 

.1 ... i • 

(a) Write a procedure to draw any figure, ror example, a flower. 

(b) Now write another procedure based upon your procedure in (a) in 
which you replace every RIGHT command with a LEFT command and 
every LEFT command with a RIGHT command. 

(c) Run your procedure written in part (a). Without clearing the 
screen, run the procedure written in part (b). What do you 

obaerveV _ _ ■■ 

■ ' ' r ' ! " . 

(fi) Hf peat parts (a) - (c) using different procedures. Do you 
obfierve_ si milar res ults * i 

(e) Hewrite the procedure in (a) to change all numerical inputs to ^ 
their negatives. Clear the screen. Run the procedure in (a). ' 
Run the new procedure. What do you observe? 

(f) In part (e) suppose you change only the, inputs for FD and 



to 



their negatives. Do you have symmetry now? 



(p*j In' pait (e) suppose you cliange only the inputs' for RIGHT, and 
LEFT to their negatives, po you have symmetry now? 

(h) Another way to obtain symmetrical figures involves the use of 
etij bedded recursion , that i^, recursion that is not tail-end 
recursion. An example of a procedure that contains such re- 
cursion is given below. Run this procedure for TOWER 30. Wad 
the result expected? 

T^ TOWER :GIZE TO SQUARE :SIZE 

IP iSiZE < 0 STOP REPEAT 4CFD :SIZE RT 90] 

B&UARE :3I/5£ . i EM) 

FID :SiZE 

TOWER :SIZE - 10 

;^^UARE :aiZE 

i#D :3IZE ' 



(ij Write a procedure similar to the one in (h) that draws a series 
{■•r symmetrical triangles. 

{,)) 'rry to write a procedure that draws a figure with a vertical 
iline of symmetry using embedded recursion. 
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'i;(C;WDlNATT/JKr, TIi;^ TURTLK 

Turt/1,0 rraphics contains many coordinate p;eometry capiabilities. 
r-iany of these are inveatipated in this activity. The monitor screen 
can bo thoup;ht of as containing;' an x- and y-axis with HOME as the 
uripiin with coordinates (0,0). 

(a) SOT is a primitive that moves the turtle in a horiz ital 
direction. For example, SETX ?5 moves the turtle along a hori- 
zontal line to the point on the horizontal line where the x- 
coorlinate is ^5 and leaves the heading unchanged. Similarly, 
GETY moves the turtle in a vertical direction. Use SETX and 
oETY commands to write a procedure to draw a square with 
variable side. 

(b) 3KTXY is a command that takes two numerical inputs and combines 
the oSTX and SETY commands in a natural manner. For example, 
G2TXY ?3 25 moves the turtle to a point with coordinates (25»25)« 
Write a procedure to draw the figure below using the SEITXY, PU, 
and PQ ijomraands. 



(c) Type I3ETXY '20 "30. What is the result Why? 

SETXY can be usiad to draw a segment of a line through points 
with variable coordinates (:A,:B) and (:C,;D). Write a pro- 
cedure to draw such segments. 

(e) Write a procedure to draw a variable size rectangle using SETXY 
commands. 

Q 

(r) Two other useful coordinate commands are XOQR and YOOR. These 
commands can be used to print the value of the x- and y-coor- 
dinates of the turtle no matter where the turtle is located. 
Draw any closed fifnire on the screen, put the pen up, hide the 
turtle, and then move the turtle around on the screen. Use 
XCCR and YOOR to find the coordinates of the turtle. Guess 
whether or not the turtle is inside the closed figure, and then 
ohow the turtle to determine whether Or not you are correct. 
Try this little game several times. 

(r) Two other coordinate commands are SETHEAPING (SETH) and TOWARDS. 
.;i:THSADING taken a numerical input and turns the turtle to the 
indicated heading. For example, SETH 80 causes the turtle to 
turn to an BO degree heading. TOWARDS is commonly used with 
>,.;rH hi AD TNG. It takes two numerical inputs which are interpreted 




r 



ar. i^n x- and y-coordinate and turns the turtle towards the point 
with coorrllnateB (x,y), 

Hf^call that HEADING outputs the current heading of the turtlet 
Place the turtle anywhere on the screen and use HEADING to 
determine its headinf;. Estimate the coordinates of a point at 
which the turtle would have to be pointinp; to have a heading of 
?e deforces. - Chec k y our guess -usinR^^ETH HOWARDS and HEADING. 
Try this exercise several times and then try it with a heading 
different from 38 degrees. 



ERIC 
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?C. WIUTING NEW CIHCLE PROCEDURES 

On thin sheet, procedures itivolvinp; coordinates are investigated. 
Two now commands are used: MAKE and SQi*lT. KAKE takes two items as 
input the first becomes the name of the second. A set of quotation 
^^'^^ ^'^ desimate the name to the computer. For example, 
" -ii^m ^ ^^^^^^ variable :A to take the value of 2+3, or 5. 
v.. u^dT takes one input and finds the square root of that input. The 
procedures CIRCLE and VCIRCLE developed previously are given below 
*ind are used to develop new procedures. 

TC ClaCLE :R ' TO VCIRCLE :S 

' VCIRCLE :R*.G1V/^ REPEAT 360 [PD :S RT 1], 

END END 

/■ . 

(a; To writo a procedure for a circle whose center is at the origin 
(0,0; and passes throuRh the point with coordinates (:X,:Y), the 
distance formula is used. Recall that the distance between any 
P^^Lnta with coordinates (xl,yl) and (x2,yP) is 

^ (yl-y2)''. if the circle has radius :R, then ;R 

must be the distance between the points (0,0) and (:X,:Y). The 
procedure may now partially be written as follows. 

■ TO CIRCLEl :X :Y 
r.AKii "R SQRT C:X«:X4-:Y*:Y) 

- CIRCLE :R 

;i1it the CIRCLEl procedure to mark the center of the circle and 
to actually make (0,0) the center of the circle. 

(b) v;rite a procedure called CIRCLE? to draw a circle, which takes 
r^^ur inputs :X1, :Y1, :XP, and :Y2, where (:X1,:Y1) are the 
cooriinates of the center of the circle and (:X2,:Y2) are 
coorriinates of a point on the circle. Use any of the previously 
developed procedures in writin^r the new procedure. 



/ 
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Lvr , can be used to draw flitnilar fipiures. Try the following 
activities. ^ - 

(a; Write a program which will draw variable size triangles similar 
-to-^he-trianpila with vertices at (0,0), (10, 15),-<5O-i0)* - 

(b) Write a prop;ram which, will draw a variable size rectanRle simiXar 
to a roctan^le with sid^a 20 and 40, 

(c) Type in the following program for drawing a paralleloKram with 
anf^lc :A and sides :S1 and :ot, and then answer the questions 
below. 

TO ?ARALLI£LOGHAl"i :A :S1 :3^-' 
90 ^ :A 

■ • ?D ;31 ....... 

HT :A ■■ ' 

I'D :a2 

i<T 180 - :A 

:G1 

:A 

HT 9C 
LiKD 

I. . Hun each of the followinp;: 

tARALLELOGHAM 70 20 ^0 . 
• PASALLiiLOGRAM 70 JO ?J 
PARALL2L0GRAM 70 ^0 

Are the three parallelop;rams similar'; Why or why not? 

Predict the outcome for PARALLELOGRAM 120 30 50 and check 
your prediction on the computer, 

Unc the rARALLELCGRA^l proi^ram to draw three parallelograms 
similar to PARALLELOGRAM ^0 20 30. 

Write a procedure that will draw a vaiiiable size parallelo- 
rratn similar to PARALLELOGRAM 50 20 JQ. 

i 

f, .itate an if and only if condition f or itwo parallelograms to 
b»} similar. / 

U; 3raw a non-r»^p;ular pentagon and two pentagons similar to it. 
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< P.. oLIDv.:: - TRAUaLATIONS 

olLdos are explorecl usiiis an L-shapfid fi^re drawn by the ELJi pro- 

- -^e'Hure. Type the following into the computer and then try the 

artivitifis. The variable :DIRSCTION gives the heading in which the 
rirure IS to be moved, :DISTAIICS is the v^ri able re p res en tin g th e 
lonprth of the slide, iri.icocxiu«iR-v«« 



TO oLIOS : DIRECTION : DISTANCE 
rU 

c::.Tii :Dir{ii:cTiON 

:0I3TAKC£ 

?D 

oiJTIl 0 



TO iO^L 

RT 90 " ■ 

?D ^ 
RT 90 

LT 90 
PD PC 
RT 90 

. . . . 

RT 90 

?D 

RT 90 
IIT 

(a) i'rHict the results of each of the followinp; procedures. Run 
each of thetn to aoe if you were correct, 

1. i!LlD'£ A 5 40 p. SLIDE 180 60 

oLIDE 300 80 /». SLIDE -^'5 JO 

5'. oLIDE -;70 (-50) ■ 6. SLIDE 0 25 

ir the ^L figure is" drawn away from the "home" position, will 
the oLIDi; procedure still worki Try it. ' ' 

(c;) v/rite a procedure to draw your own fipure and modify the SLIDE 
procodure to perform slides usinp^ your figure. 



3S 



(d) Create pattenis on tJne screen using the^ SUDE procedure • 

(e) Write a procedure to ciraw a square and then use the idea of 
a slide to create th« following figures. 



(s) 



\ 



(f ) Change the SUBE procedure to draw the original Ir-shaped 
figure in the lower left comer of the screen, and have the 
turtle leave a dotted line showing the length of the slide. 

(g) .'If a colored monitor is available, the primitive VESOOXm (VO) 

may be used to draw the image in a different color from the 
original. Experiment with the WStCOWA command with inputs 
0-6 and then edit the SUBE procedure to give an image in a 
. second color. 



HB1ABK: The backgroxmd color can be changed using the primitive 
BACKOfiOtJND (BO) and inputs 0-6. Experiment with pence lore and 
background colors. 



1 



40 



^. TURNS - wTmosa 



Type in the following programs and run the progra ms t o answer the 
questions and try the activities. The variable '.TDBN.ANGIS 
represents the amount of the turn; :X and^ :T a.te the coordinates 
of the center of the turn. 



TO TUBN :TURN.AN6I£ :X :I 

FULLSCSEER 

ELL 

CENTER :X :T 

MAKE "D SQR'x (:X* :X+ :Y) 

SETH TOWARDS 0 0 

MAKE "A HEADING 

RT '.TURN. ANGLE 

?D :D 

I/T :A 

VD 

ELL 

SFLETSCREEN 



TO ELL 
7D ^0 RT 90 
PD 5 HT 90 
PD 45 IflJ 90 
FD 20 RT 90 
FD 3 RT 90 
FD 25 RT 90 
HT 
END 

TO CENTER :X :T 
FU SETXT :X :Y VD 
FD 1 BE 1 FU 
END 



(a) 



(b) 

(o) 
Cd) 

(e) 



Predict the results of each of the following procedures. Run 
each of them to see if you were correct. 



1. TURN 45 C-20) (^0) 
^. TURN 290 C-55O) 20 
5, TURN 180 0.0 



2. TORN 90 40 0 
4. TURN 90 25 50 
6. TURN -60 ^0 20 



Write a procedure to draw your own figure and then modify the 
TURN procedure to find its turn image. (Be careful where you 
leave the turtle.) 

Create a pattern on the screen using the TURN procedure. 

Create a drawing which makes use of both the SLIDE and the 
TURN procedures. 

Create the following figures by creating a procedure to draw 
a square and then using the ideas of the TinN procedure. 



(a) 



(b) 



(f) Can you modify the TURN procedure so that it will drftw a 
turn image when th« original figure is not located at the 
"hone" position? 
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^0. LEiOQIING ANOSBER T\m PBOOBDUBE 

A dif rerent procedure for performing a turn Involves marking the 
center of the turn, moving forward away from the center of the 
turn the length of the radius of the "turn circle," drawing the 
picture that you wish to turn, and essentially moving along the 
circle .with given radius and center and then drawing the image of 
the picture. A procedure to acc ompl ish such a turn follows. The 
variables in the procedure are :TDBN.jiKGI£, the anglb of the turn, 
:X and :T, the coordinates of the center of the turn, and :R, the 
radius of the circle on which the picture is turning, that is, the 
distance from the turn center to a key point on the figure. 

TO TURN2 :TUKN.AKG£E :X :I :R 

Cmmt :X :Y :R 

ELL 

PO 

IF :TURN. ANGLE > 0 HT 90 BARC :R tTURN.AITGLE LT 90 ELSE LT 90 
LARC :R C-:TURN.A1IGLE) RT 90 

H) 

ELL 

END 

TO CENTER :X :Y :R TO ELL 

HJ PD 50 RT 90 

SETXT :X :Y ID 5 RT 90 

PD PD 1 BK 1 PU PD 45 LT 90 

FD :R . PD 20 RT 90 

PD PD 5 RT 90 

END PD 25 RT 90 

HT 

END 

TO RARC :R -.TURN.ANGLE 

REPEAT :TURN.ANGLE CPD ^.14*:R/180 RT l] 

END 

TO LARC :R : TURN. ANGLE 

REPEAT :Tt)RN.ANGLE CPD ^.14*:I^180 LT l] 

END 

1. Predict the results of executing each of the following. Then 
use the computer to check your predictions. 

(a) TURN2 90 0 0 50 (d) TimN2 -90 0 0 50 

(b) TURNS 180 0 0 50 (e) T0BN2 90 (-50) (-50) 50 

(c) TURN2 0 0 0 50 (f) TUHN2 '^O 80 90 40 

P. Write a procedure to draw a picture other than the ELL. ISdit 
the TURN2 procedure to turn your shape. (BINT: (to avoid problems, 
make sure that the turtle returns to the original starting point 
when the drawing is finished.) 
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^. Edit the TUHN2 procedure to show the imm angle as a dotted 
arc and to make the tuxn Image a second cplor. 

4. Compare the TURN2 procedure of this activity with the previous 
TUfiN procedm-tf. Do they produce the 8am|i results? 

5. What will happen if the following pibcedures are run one 
after another? 

(a) TUKN2 60 0 0 

a?URN2 60 0 0 -jSO ; 

(b) Execute the procedures in as directed to detexnine if 
your predictions were correct. , , 

6. (a) Start the turtle in the H(jKE position and run the following 

pxibcedures one after the other. 

T0HN2 70 0 0 ^0 

TraN2 50 0 0 ^0 

(b) Could the same result have been obtained by executing 
TUHN2 50 0 0 30 followed by T0HR2 70 0 0 ^0? 

(c) Can you design a single procedure to accomplish the 
same result as obtained in (a) and (b)7 
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?^\.[•>r, aro explored uainp; an "L." Type the followinR program into the 
r'.utnputor and then try the activities. The variable :DIRECTION seta the 
hf!«(linr or the flip line; jDISTANCE is the distance from a key point of 
the L-flhapod fiRure to the flip line. The procedure P. LINE draws the 
flip line. The procedure P. ELL drawp a "reverse" image of ELL. 



TC 

n 
?d 

RT 
?0 

LT 

rj 

RT 
Pi) 
HT 
7J 
HT 



90 

/ir 

9C 
90 



90 

r. 

90 



TO FLIP -.DIRECTION -.DISTANCE 
P. LINE : DIRECTION 
RT 90 
PU 

PD -.DISTANCE 
PD 

SETH 0 

ELL 

PU 

SETH (90 :DIRECTI0N) 
BK ( : DISTANCE* 2) , 
LT (90- -.DTRECTIOlt) 
PD 

P. ELL 

END 



TO P. LINE : DIRECTION 
£;.i;TII :Dltti;GTION 
i?D VS. 
BK 1^:0 
PD 71 
END 



(b; 
(1; 



TO P. ELL 

PD S'O 
LT 90 
PD 

LT 90 
PD 45 

RT 90 
PD 20 
LT 90 
PD 5 
LT 90 
PD ?5 
LT. 90 
HT 
END 

pT-edict the rosults of' each of the following procedure?, 
enoh of them to see if you were correct. 



Run 



PLIP 0 60 
FLIP /'O CO 
PLIP 180 50 



PLIP. 60 AO 
4. PLIP 90 50 
6. FLIP ?90 50 



V/ritf; a procedure to draw your own figure and modify the PLIP 
procedure to find its flip imaf>;e. (Be careful where you leave 
t;ho turtle. ; 

Ornate a pattern on the ecrecn ufiinr the FLIP procedure. 
Writf? a procedure which uses both a slide and a flip. 
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"•;?. OllD^ REPIiECTIONS 

Glide reflections are eKplored uainR an L-shaped figure. :DIRECTION 
in tho hendinp; of the flip lino. :1)ISTANCE la the distance from a 
koy point uf the fipurj^ to the flip line. :G. DISTANCE is the length 
of tho slide. Enter the followinpr profs^rams into your workspace. 



TC OirJL :DIRi;GTION .:0II3TANCE :G. DISTANCE TO ELL 

FLIP :DTKii;cTION : DISTANCE PD 50 

O.iiLIDl:. : DIRECTION :G. DISTANCE RT 90 

2ND FD 5 , 



PD -£^5 
LT 90 
PD 20 
RT 90 
PD 5 
RT 90 
PD ^5 
RT 90 
HT 
END 



TO G.oLIDrJ : DIRECTION :G. DISTANCE TO P. ELL 

PULLIiCHEH^ PD 50* 

MAa.: "THIilJ IIEADIi;Cr LT 90 ■ 

PU . PD 5 

SliTH : DIRECTION LT 90 

PD J G. DISTANCE PD 4 5 

PD < LT 90 

iiE'ni :TURN PD 20 

P.iilL ■ LT 90 

SPLIToGiiEEN FD 5 

END LT 90 

PD 25 
LT 90 
HT 
END 



(a) iredict the results of each of the following procedures. Run 

each of them to see if you were correct. 

1. GLIDE 0 ''0 60 2. GLIDE 60 '»0 60 / 

'u GLIDE 90 5C 25 GLIDE A5 60 70 / 

5. GLIDE (-'^5) (-^0) (-60) / 

(b; Write? a procedurr? to draw your own fipiure, and modify the / 
GLIDE procedure to perform a 0;lide reflection on it. 
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^Ti. SSS TKI ANGLE CONSTRUCTIOM 

In an earlier activity, you were asked to write procedures for > 
drawing specific triangles given various parts. In this activity, 
you are asked to write some general procedures and adapt others 
when given various parts of triangles. New commands used in these 
procedures are ADYOF, NOT, and OUTPUT (OF). ANYOF takes 2 or more 
inputs (default is 2} and outputs TRJJB if any of the outputs are 
true. (What do you think ALLDF would do?) NOT outputs TRUE if 
its input is false and FALSE otherwise. OUTPUT takes one input and 
causes the current procedure to stop and output the result to the 
calling procedure. 



Type the following procedures into your computer. 

TO SSS :S1 :S2 tSl 

IP NOT CALLOF ( :S1+ :S2> :S^)( rSl^ :S'?> :S2),( :S2+ iS^> jSI)) PRINT 

[NO TRIANGI£ IS POSSIBLE WITH THESE SIIXBS.] STOP 
HT • ' 

FD :S1 
PU 

FD :S2 
RT 90 
CHECKSIDE 

PD V . 

HOME 

PD : S1 

SETXY :X :Y 

HOME 

END 

TO CRECESIDE 

IP (ABS (:St - SQRT (XCOR*XCOR + YC0R*YC0R))<2) MAKE "X XOOR MAKE "t 

YCOR STOP 
PD :S2*.017/f RT 1 
CHECKSIDE 
END 

TO ABS : VALUE 

IF :VALUE<0 OUTPUT -: VALUE 

OUTPUT : VALUE 

END 

(a) Run the procedures above for various lengths of sides for 
:S1, :S2, and :S^. 



(b) wltat doea the AB3 procedure do'. Where have yciu encountered this 

ri')tion before'.' 

(c) V/hy do we not Just check to determine if :o5 is equal to SORT 
(:X*:X'r:Y*:Y)V 

(d) The 3oG procedure depends upon one vertex beinp; at home. iJdit 
th*^ procedures above to draw a 1?Tianffle with one of its vertices 
at the point with coordinates (: A, :B), 



0- 
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^. Srni. nORE TRIANGXfi CONSTRUCTIONS 

Another set of procedures can be developed for drawing a triangle 
when two angles and an included side of the triangle are given. 
Such procedures are given below. 

TO ASA :A1 :S :A2 

IF HOT (:A1 * xA2 < 180) STOP 

BK :S 

BT ;A1 

CHECXHEAO 

BOn£ ■ \ ' 

END ■' 1 

TO CHECSHEAD 
SBTH TOVABDS 0 0 

IP ABS (HEADING - (^60- :A2)) < 2 STOP 
SETH :A1 
PD 1 

CHECSHEAD 
END 

TO ABS :VALUE 

IP :VALUE <0 OUTHJT - :VAi;OE 

OUTPUT !VAi;OE 

END 

(a) Run this set of procedures for various values for the 
variables :A1, :S, and :A2. 

(b> Edit the procedure above to start the drawing at any point 
on the screen. ^ ^ 

(c) Use the procedures above to write a procedure for drawing a 
triangle when given two angles and a not included side of 
the triangle. 

(d) A procedure for drawing a triangle when given two sides and 
an included angle is not as complicated as several of the 
others. Write such a procedure. 
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55. OTiMARY OP cor«i^Ain)s 



GRAPHIC CCmANDS 

To enter Graphics mode type DRAW or execute one of these commands. 



PULLSCR22N 
3PLIT3CREKN 
POUWARO : distance 
BACK :di stance 
RIGHT :defrrees 
LEFT :def(;ree8 

iioriE 

GLEARnCREEN 
BACKGROUND : color i 
racOXOR : color ♦ 
PKNDOV/K 

yam 

HIDKTURTLiS 
SHGWTURTLE 
WRAP 

NOWRAP 

GETHEADIKG: degrees 

SiiTX :x 

SKTY :.y 

SETXY :x :y 

TOWARDS :x :y 

HEADING 

XCOR 

TCCR 

oPoGIAL KEYS 

von 

Arrow Keys 

GTliL-D 

CTRL-P 

GTRL-K 

GTRI.-S 

GTRL-T 



In graphics mode, Rives full graphics screen. 

Gives mixed text -graphics screen. 
PD Moves turtle forwaid. 
BK Moves turtle backwards. 
RT Rotates turtle. 
LT Rotates turtle. 

Moves turtle to screen center with heading 0. 
CS Clears graphic screen. 
BG Sets screen backc^round to color. 
PC Sets the color of the turtle trail. 
PD Sets turtle to leave trail when moved. 
PU Sets turtle to leave no .trail. 
HT Makes the turtle disappear. 
ST Makes the turtle appear. 

If turtle moves off screen it reappears at 

opposite edge. 

Undoes the wrap mode. 
SETH Rotates turtle to the direction specified. 

Horizontally moves turtle to x-coordinate. 

Vertically moves turtle to y-coordinate. 

Moves turtle to point (x,y). 

Outputs heatting to point Cx,y) from turtle. 

Outputs the turtle's heading in degrees. 

Outputs the turtle's x~coordinato. 

Outputs the turtle's y-coordinate. 



Deletes last typed character. 

Move cursor left or right over characters. 

Deletes one character. 

Sets FULLSCREEN in graphics mode. 

Kills rest of line from cursor. 

Sets SPLITSCREEN in graphics mode. 

In graphics mode sets FULLSCREEN to TEXT. 



EDITING COMMAND S 

logo screen editor may be entered by typing ED or EDIT, or by typing 
TO and the name of the procedure you wish to define. 



GTiai-A 
CTKL-B 
GTRL-G 
CTRL-D 
GTRL-i; 
GTRL-G 



Moves cursor to beginning of line. 

Moves cursor back 1 screenful of text. 

Saves procedure; exits editor. 

Deletes character under cursor. 

Moves cursor to line's end. 

Exist editor without defi-ning a procedure, 
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CTHL-K 
C3THL-L 
GTi'iL-N 
CTRL-C 
CTIiL-r 



Deletes all charactera from cursor to line's end. 
Scrolls text so line is centered on screen. 
Moves cursor down 1 line. 
Opens a new line at the cursor. 
Moves a cursor up 1 line. 



v/OKKU^AJE MANAGJ^iJSNT COMMAND 



CATALOG 
READ "name 
SAVE "name 
ERASEPIiiE ;name 
READPICT "name 
SAVEPICT "name 
msmCT "name 
PRINTOUT 



POTS 

ERASE name 
GGODBTE 



Lists the files on current disk. 

Reads a file from disk. 

Saves contents of workspace onto disk. 

Removes a file stored on disk. 

Reads a picture on disk onto screen. 

Saves picture from screen to disk. 

Removes a picture from disk. 

Prints out the text of procedures currently in 

workspace. Works with the auxiliary words: ALL 

NAMES, PROCEDURES. 

Abbreviation for PRINTOUT TITLES. 

Erases desis^ated procedures from workspace. 

Can take qualifiers: ALL, NAMES, PROC©URES. 

Clears Logo and restarts Logo, 



50 



